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Abstract 
This paper explores the concept of Green Total Factor Productivity (GTFP) for low carbon economic development towards 
sustainable development in Indonesia. Evaluating the effect of CO2 intensity to the total factor productivity (TFP) can be used in 
government policy intervention to enhance productivity growth and to reduce CO2 emissions. This study made an analysis on 
time series data of Gross Domestic Product (GDP), labor productivity, capital stock and CO2 intensity emissions. The data, from 
1992 until 2012, were assessed using growth accounting method (GAM). TFP growth without CO2 (TFP-CO2G) in general gave 
the smallest contribution to the economic growth from 1976 until 2011 at -0.62%. The average TFP-CO2G in five growth that 
internalized CO2 emission (TFP+CO2G) from 1976 until 2010 reached -1.83% in average per year. The average of TFP+CO2G in 
the five phases of Indonesia economic development reached the highest level on 1.20%  and the lowest level on -4.81%. In the 
same period of time, the growth of CO2 mission reached 6.62% in average per year. The highest average growth of CO2 emission 
reached 11.4% and the lowest reached 4.04%.In conclusion, this paper states that GTFP would improve productivity growth and 
emission reduction. This can be a concept of national policy to enhance sustainable economy development.  
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1. Introduction 
Productivity is one of the important factors to enhance country competitiveness, economic growth, and quality of 
live improvement. Generally, growth in productivity is associated with a growth in real wages, and ultimately an 
improvement in living standards. This paper reviews most of the past studies related to the productivity growth 
analysis. This paper also combines previous studies related to productivity analysis in general and those related to 
productivity and environmental impact analysis called green productivity in particular.  
The concept of Green Productivity (GP) is drawn from the integration of two important developmental strategies 
viz. productivity improvement and environmental protection [1]. Productivity improvement provides the framework 
for continuous improvement while environmental protection provides the foundation for sustainable development. 
Therefore, GP is a strategy for enhancing productivity and environmental performance for overall socio-economic 
development. 
GP was launched in 1994 in line with the 1992 Earth Summit recommendations that both economic development 
and environmental protection would be the key strategies for sustainable development. With the support from the 
government of Japan, the Asian Productivity Organization (APO) [2] introduced GP as a practical way to answer the 
challenge of sustainable development. The objective of the APO‘s GP program is to enhance productivity and 
simultaneously reduce the negative impacts on the environment. 
In global perspective, high economic growth has been accompanied by the increase of pollutants emissions, in 
which the industrial, energy, and transportation sectors are responsible for both the largest increases in output and 
environmental pollution. In the early years of development, policymakers paid little attention on the environment 
[1]. 
Total Factor Productivity (TFP) growth contribution to Indonesia’s economic growth during 1970-2007 is 
relatively low. The TFP growth without CO2 emission calculation was accounted for the growth of capital stock and 
education-adjusted employment. The residual TFP growth was on average -0.2% per year during 1971-2007. Capital 
stock growth and education-augmented employment growth are 70% and 34% respectively, and TFP growth is -4%. 
Only during 2000-2007 that TFP growth was 1.7% per year, which is 33% of GDP growth [3]. 
The transition to a sustainable society poses considerable challenges for conventional economics. Institutional 
structures, accounting frameworks and macro-economic relationships, all require a significant reform. In the center 
of a new macroeconomics for sustainability, it lies the relationship between growth, productivity and work [4; 5]. In 
particular, a low-growth or slow-growth economy must reconcile between labor productivity changes and the 
maintenance of full employment. This paper explores those above mentioned challenges. 
Productivity is highly prized in economics. In simple terms, productivity is defined by the ratio of outputs and 
inputs. Labour productivity, for example, is one of the most fundamental measures of economic success. Output is 
cast in terms of economic value, usually measured at the macro-economic. 
TFP is the portion of output that is not explained by the amount of inputs used in production. As such, its level is 
determined by how eƥcient and intense the inputs are utilized in production. TFP growth is usually measured by the 
Solow residual. The growth rate of aggregate output is denoted by gY; gK denotes the growth rate of aggregate 
capital; gL denotes the growth rate of aggregate labor and alpha is the capital share. The Solow residual is then 
defined as gy–α*gK*(1-α)כgK. The Solow residual accurately measures TFP growth if (i) the production function is 
neoclassical, (ii) there is a perfect competition in factor markets, and (iii) the growth rates of the inputs are measured 
accurately [3]. 
Green TFP is important to enhance the productivity growth and reduce CO2 emission simultaneously. 
Accordingly, it is necessary to study the Green TFP that supports the sustainability of economic growth and 
productivity. 
 
2. Methodology 
2.1. Data Sources 
The calculation of GDP growth is very dependent on the availability of data and the researcher's understanding 
onthe concept of the data used, especially time series data like GDP, capital stock, labour, income share, and tax. 
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Meanwhile, data about the decrease level can be a single data. 
For a certain research period, there is a high possibility for a few differences towards the concept that is used in 
collecting data. This understanding is needed in doing some adjustments to the existing data. The types of data 
needed are time series and single data. 
Based on equation above, it can be identified that the types of data needed in calculating TFP growth are: (1) 
GDP, (2) Capital Stock, (3) Worker, (4) Wages, (5) CO2 emission, (6) Taxes, (7) Depreciation (5% Mankiw, Romer, 
and Weil - International Growth) 
In the left side of the Cobb-Douglas production function Y = f (K, L), output (Y) is represented by GDP. GDP is 
a value added that comes from four components, which are wages/salary, profit, depreciation, and gross indirect tax. 
From the four components, the first two are retribution from labour’s service, whether labour that gets wages/salary 
or entrepreneur that collects profit. Meanwhile, the third component (depreciation) is a retribution from capital. 
Whilst indirect tax component is not a retribution. This component exists because of government role. 
In function Y = f (K, L), it can also be seen that the inputs used are capital (K) and labour (L). So, the output that 
is used in TFP calculation is also an output generated by the usage of input K and L. In other words, the fourth 
component (gross indirect tax) needs to be left out because GDP minus gross indirect tax represent an output that is 
generated by the production factor used. This kind of GDP is called GDP at factor cost. 
All of the data types come from BPS [7], whether it has been published or not. As for the depreciation data, it 
was collected based on consideration from the government's official publication and other studies. Time series data 
available to compute TFP are from 1975 to 2012. CO2emissions data was taken from World Bank Development 
Indicator Index. 
2.2. Calculating steps of TFP Growth  
Before calculating TFP growth, first time data series 1975-2012 were adjusted based on year 2000 data. From 
1975 to 2012, there were several changes in the GDP constant prices on the base year of 1993 and 2000, according 
to the BPS [4]. Overall, in the TFP calculation, the value of GDP used is on the base year of 2000 (constant prices). 
The adjustment of the base year is not only done with the deflator value, but also incorporates changes in the GDP 
between the coverage and the latest base year (1993) before the base year of 2000. Without adjusting the scope of 
GDP, then the result will be underestimated. Special to the capital stock, other than adjustments to the base year, the 
calculation of depreciation is also applied. After the data adjustments are done, then TFP growth calculating 
measures are done using growth accounting methods as follows: 
 
1. Calculation of labour income share at year t (LISt) with equation: 
LISt = 
Wages year t 
(1) GDP at current year t 
2. Calculation of the average of labour income share at year t (LISAt) : 
LISAt = ½ (LISt + LISt-1)            (2) 
where: 
LISt = Labour income share at year t 
LISt-1 = Labour income share at year t-1 
3. Calculation of capital income share at year t (CISt) with equation: 
CISt = 1 – LISt             (3) 
4. Calculation of capital income share average at year t (CISAt) : 
CISAt = ½ (CISt + CISt-1)            (4) 
where: 
CISt = Capital income share at year t 
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CISt-1 = Capital income share at year t-1 
5. Calculation of economic growth at year t (EGt) : 
EGt = (ln GDPt – ln GDPt-1) x 100         (5a) 
where : 
GDPt = Total GDP at specific constant price at year t 
GDPt-1 = Total GDP at specific constant price at year t-1 
Equation (5a) is used to calculate national economic growth, meanwhile for the sectoral economic 
growth, it can be calculated using equation (5b) : 
SGit = (ln GVAit – ln GVAit-1) x 100        (5b) 
where : 
GVAi = Total of Gross Value Added sector based on specified constant price at year t 
GRit-1 = Total of GDP of i sector based at specified constant price at year ti-1 
6. Calculation of Capital Stock at year t (CGt) : 
CGt = (ln Ct – ln Ct-1) x 100          (6) 
where: 
Ct = Total of capital stock at year t 
Ct-1 = Total of capital stock at year t-1 
7. Calculation of the weighted average capital stock at year t (CGAt) : 
CGAt = ½ (CISt + CISt-1) x (ln Ct – ln Ct-1) x 100           (7) 
8. Calculation of labour growth at year t (LGt) : 
LGt = (ln Lt – ln Lt-1) x 100              (8) 
where: 
Lt = Total of labour at year t 
Lt-1 = Total of labour at year t-1  
9. Calculation of weighted average labour growth at year t (LGAt) : 
LGAt = ½ (LISt + LISt-1) x (ln Lt – ln Lt-1) x 100            (9) 
10. Calculation of CO2 Emission growth at year t (CO2Gt) : 
CO2Gt = (ln CO2t – ln CO2t-1) x 100                           (10) 
where : 
CO2t = Total of CO2 emission at year t 
CO2t-1 = Total of CO2 emission at year t-1  
11. Calculation of weighted average CO2 emission growth at year t (CO2 GAt) : 
CO2 GAt = ½ (CO2 ISt + CO2 ISt-1) x (ln CO2t – ln CO2t-1) x 100            (11) 
12. So that, TFP Growth at year t (TFPGt) can be calculated as follows: 
TFPGt = EGt – KGAt – LGAt – CO2GAt              (12) 
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Furthermore, the contributions of labour growth, capital growth, TFP growth to economic growth, can be 
calculated as follows: 
 
11. Capital growth share: 
Capital growth share = Equation (7) X 100 (13) Equation (5) 
12. Labour growth share: 
Labour growth share = Equation (9) X 100 (14) Equation (5) 
13. CO2 Growth Share: 
CO2 Growth Share = 
Equation (11) X 100 (15) Equation (5) 
14. TFP Growth Share: 
TFP Growth Share = Equation (12) X 100 (16) Equation (5) 
3. Result and Discussion 
This study aims to identify the characteristics of productivity growth, economic growth and CO2 emission 
reduction in Indonesia. This study also analyses factors affecting Green TFP, and obtaining Green TFP for 
sustainable economic development.  
3.1. GDP Growth and Economic Structure 
From 1976 to 2013, the National GDP based on price increased from IDR 20,360.00billion in 1976 to IDR 
9,083,972.20 billion in 2013. Meanwhile, based on 2000 constant price, national GDP increased from IDR 
417,761.00 billion to IDR 2,770,300.00 billion in the same period of time. In conclusion, from 1976 to 2013 
Indonesia recorded an economic growth with an average 5.63% per year. 
If we look at the phase of national economic growth, it can be seen that the rate of highest economic growth is 
reached at the half of the oil boom phase, which was 7.92% in average per year from 1976 until 1981. With this rate 
of growth, national GDP based on 2000 constant price increased from IDR 417,761.00 billion in 1976 to IDR 
617,430.00 billion in 1981. The high rate of economic growth in this phase mainly came from mining sector or the 
sub-sector of oil and gas mining. 
 Entering the economic recess phase, the rate of Indonesia economic growth decreased compared to the previous 
phase, which was 4.35% in average per year from 1982 to 1986. However, this accomplishment is better than the 
other two phases. 
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Fig 1. GDP Growth and Economic Growth of Indonesia 1976-2013 (Billion Rp.). Source : BPS. 2013 (edited) 
 
In the multi dimension crisis phase happened from 1997 to 2001, the rate of national economic growth 
contraction wasaround0,80% per year. Meanwhile, in the other two phases, which are the deregulation and de-
bureaucratization phase from 1987 until 1996,and the economic resurrection phase from 2002 to 2013, the rate of 
national economic growth reached 6.91% and 5.79% in average per year respectively. 
Overall, the rate of Indonesia economic growth between 1976 and 2013 was showing a significant fluctuation 
with the economic phase that follows. As it is shown in figure 3.1., the sharpest fluctuation of economic rate 
happened in 1998, where Indonesia economic at that time was contracted around -13.13% as a result of multi 
dimension crisis. Meanwhile, the highest economic growth was in 1980 with the growth amount of 9.88%. 
3.2. Total Factor Productivity Growth (TFPG) Indonesia without CO2Emission 
Table 1 shows the growth of TFP without CO2(TFP-CO2G) in general gave little contribution to the economic 
growth between 1976 and 2011 which was -0,62%. The average of TFP-CO2G in oil boom phase is 0,72, while in 
the recession and multidimensional crisis phases (phase 2 and 4), the TFP-CO2G values are negative  (-2.42 and -
3.95). In phase 3, the deregulation and de-bureaucratization phase, the average of TFP-CO2Gis 0.81 and in the phase 
of economic resurrection (phase 5), the average of TFP-CO2Gis 1,76. In the recession and multidimensional phases 
(phase 2 and 4), the productivity growth values are negative which means that there was inefficiency where the 
output growth was not as big as the growth of capital and labour. Inefficiency can happen because of external factors 
like economic condition, social, and politic. In contrast, in the stable phases (phase 1,3, and 5) the productivity 
growth (TFP-CO2G) values are positive although their contribution was not really big. 
 
Table 1.  Decomposition of Indonesia Economic Growth in Average (%) 
 
Phase Year GDP Growth 
Capital 
Growth 
Labour 
Growth 
TFP 
Growth 
Oil Boom 1976-1981 7.62 5.48 1.42 0.72 
Economic Recession 1982-1986 4.24 5.48 1.18 -2.42 
Deregulation and De-bureaucratization 1987-1996 6.67 4.76 1.1 0.81 
Multidimensional Crisis 1997-2001 -1.03 2.43 0.49 -3.95 
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Economic Revival 2002-2011 5.38 2.93 0.7 1.76 
Average 1976-2011 3.2.1.   3.2.2. 4.58 3.2.3. 4.22 3.2.4. 0.97 3.2.5. -0.62 
Source: BPPT Study, 2013 (edited) 
 
The calculation of TFP-CO2Gvalue without including CO2emission (business as usual) turns out only to give a 
little contribution to the economic growth. This means that the production activities of products and services from 
all production sectors in Indonesia have not addressed the environmental and sustainability issue. In an economic 
condition, where there are no innovation jumps to increase TFPG addressing environment, it can be predicted that 
inserting co2 emission will deduct the value of TFPG.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Comparing of Economic Growth and TFPG Indonesia without CO2 1975-2009 
 
3.3. TFP Growth with CO2 Emission (Green TFP) 
The growth of TFP by internalizing CO2 emission (TFP+CO2G) from 1976to 2010 reached -1.83% in average 
per year. In the phase 1 of oil boom, the growth of TFP+CO2G, -0.63%was lower in average than TFP-CO2G, 
0.72%. In phase 2 and 4 which are in the economic and multidimensional crisis phase, their TFP+CO2G growths 
were -3.87% and -4.81% in average per year respectively. These are still lower than the growth of TFP-CO2G in 
respective phases which were around -2.42% and -3.95% in average per year. Meanwhile in the phase 3, which is 
the deregulation and de-bureaucratization phase, the growth of TFP+CO2G was at -1.05%, this is still lower than the 
growth of TFP-CO2G that was around 0.81% in average. In the phase 5 which is the economic resurrection phase, 
the growth value of TFP+CO2G was around 1.20% meanwhile the growth value of TFP-CO2G is still higher which 
was 1.76% in average. 
The growth of CO2emission from 1976 to 2010 reached 6.62% per year. In the phase one (oil boom), the growth 
of CO2 emission was 11.41% in average. In phase 2 and phase 4 (recession and multidimensional crisis phase) the 
CO2emission growths were 4.04% and 4.28% in average respectively. Meanwhile in phase 3 (deregulation and de-
bureaucratization phase) the growth of CO2 was 7.80% in average. In the phase 5 (economic resurrection) the co2 
growth was contracted 5.57% in average (table 2) 
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Table2.  Decomposition of Indonesia Economic Growth and TFPG with CO2 in Average (%) 
Phase Year GDP Growth 
Capital 
Growth 
CO2 
Growth 
Green 
TFP 
Growth 
Oil Boom 1976-1981 7.62 5.48 11.41 -0.63 
Economic Recession 1982-1986 4.24 5.48 4.04 -3.87 
Deregulation and De-bureaucratization 1987-1996 6.67 4.76 7.80 -1.05 
Multidimensional Crisis 1997-2001 -1.03 2.43 4.28 -4.81 
Economic Revival 2002-2010 5.38 2.93 5.57 1.20 
Average 1976-2010  4.58 4.22 6.62 -1.83 
 
TFP Green concept or TFP+CO2G in reality is a measurement of economic productivity from the manufacturing 
and services activities in a certain area by internalizing CO2 emission as the side effect of the production sector 
activities to the environment. The rapid development of production sector activity is shown by the high rate of 
economic growth. However, the characteristic of the economic growth is dominated by the capital and labour 
growth and does not rely on TFP growth. The economic growth that relies on TFPG will prioritize the economic 
activity in improvements of productivity, competitiveness, value added, technology authorization, innovation and 
environment sustainability. 
Green TFP is shown by the reduction of CO2 emission of all economic activities through the utilization of clean 
production, waste management, resource utilization efficiency, and renewable energy usage. The economic 
condition will grow in line with the quality and sustainability if the management addresses the environment and 
social aspect. Countries that give attention to TFP or Green TFP will become countries that have a strong economic 
fundamental and are able to increase the quality of their citizen life. So, the result from Green TFP calculation must 
be a main referral in redesigning a country’s economic management in the future. 
 
 
Fig 3. Comparing of Economic Growth and TFPG with CO2 Indonesia 1975-2010 
4. Conclusion 
This paper analyses the green total factor productivity impact assessment on sustainable Indonesia productivity 
growth over the period 1976–2010. We have an opportunity to redesign national economic plan for Indonesia 
sustainable development. This allows us to take into consideration the role of green total factor productivity concept 
in this context. Utilizing Green TFP concept for measurement of productivity growth into government policy 
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recommendations can accelerate productivity while reducing CO2 emissions in Indonesia. Green TFP becomes an 
indicator to green productivity, which puts economic development and environmental protection into consideration. 
Our results show that TFP growth without CO2 (TFP-CO2G) in general gives little contribution to the economic 
growth from 1976to 2011 which was around -0.62%. The average number of the TFP-CO2G in five phases of 
Indonesia economic growth is -3.95% in the lowest, and 1.75% in the highest. In the growth phase, the productivity 
value is negative which means that there is an inefficiency of production factor i.e. when the output growth is not as 
big as the capital and labour growth. Inefficiency can happen because of external factors like economic condition, 
social, and politic. Meanwhile in the stable phase of productivity growth (TFP-CO2G) where the value is positive, it 
gives a little contribution to Indonesia economic growth. 
The results of the analysis also indicate that TFP growth by internalizing CO2 emission (TFP+CO2G) from 
1976to2010 is 1.83% in average per year. The average TFP+CO2G in five phases of Indonesia economic 
development reaches 1.20% in the highest level and -4.81% in the lowest level. In the same period of time, the 
growth of CO2 emission reaches 6.62% in average per year. The highest CO2 emission growth is 11.41% and the 
lowest is 4.04% per year. The growth of the economic activity does have a positive relationship with CO2 emission, 
but the percentage of the growth needs to be controlled to stay low so that the increase of the output value gained is 
always bigger than both the increase of output value and the increase of CO2 emission issued by producing goods 
and services. 
The results of this paper represent an additional contribution to the debate by emphasizing the CO2 emission 
impact to national productivity and also to economic growth. This implies that future research will have to give 
special attention to the need to identify and study the systematic approach explaining in the end, the influence of the 
behaviour of CO2 emission and TFP towards sustainable productivity growth in Indonesia. Only by pursuing these 
strands, we will be able to develop the Indonesia sustainable productivity growth. 
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